Purpose. To compare contrastenhanced ultrasonography (CEUS) using Sonazoid with Gd-EOB-DTPA-enhanced MRI (EOB-MRI) in the diagnosis of liver metastases in patients with colorectal cancer.
INTRODUCTION
T he liver is the most common site of distant metastasis from colorectal cancer. 1 The standard curative treatment for colorectal liver metastasis in colorectal cancer patients is surgical resection or local treatment with radiofrequency ablation. 2, 3 On the other hand, adjuvant therapy, including chemotherapeutic regimens, can induce a favorable response and a longer survival period in patients with unresectable liver metastases by decreasing the tumor extent and rendering the tumor resectable. 4 However, if chemotherapy is effective, micrometastases may be undetectable by imaging and may be incorrectly judged to have disappeared. To prevent such misjudgment, it is important to detect residual micrometastases after successful chemotherapy before surgical resection. Recently, the emergence of contrast-enhanced ultrasonography (CEUS) with Sonazoid (DaiichiSankyo, Tokyo, Japan) and enhanced MRI with gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) (Primovist; Bayer Healthcare, Berlin, Germany)-known as EOB-MRI-has improved the detection and diagnosis of malignant liver tumors. Detection of hepatocellular carcinoma (HCC) and liver metastases using CEUS with Sonazoid, dynamic CT, super paramagnetic iron oxide (SPIO)-MRI, and EOB-MRI has been compared, [5] [6] [7] [8] [9] [10] but a prospective comparison of the detection of liver metastasis in colorectal cancer using only CEUS with Sonazoid and EOB-MRI has not been reported. In this study, we performed this comparison and investigated the utility of CEUS for diagnosis of liver metastasis of colorectal cancer.
MATERIALS AND METHODS
Sixty-nine patients were diagnosed with colorectal cancer at our hospital between January 2011 and October 2014 and were suspected of having a malignant lesion in the liver on routine grayscale ultrasonography (US) or dynamic CT and underwent CEUS with Sonazoid and EOB-MRI. These patients included 46 males and 23 females and had a mean age of 66 years (range, 34-86). The primary lesion was located in the rectum in 27 cases, sigmoid colon in 22, transverse colon in 10, ascending colon in 8, and cecum in 2. Patients with five or more masses in the liver were excluded. CEUS and EOB-MRI were performed within 1 month of each other.
All CEUS was performed by two sonographers using an Aplio XG (Toshiba Medical Systems, Tokyo, Japan) with a convex probe (PVT-375BT, 3.75-MHz center frequency). The mechanical index (MI) for the acoustic output was set to 0.2. In patients in whom lesions were detected by gray-scale US, the single focus point was set at the lower margin of the lesion. An intravenous bolus injection of Sonazoid (0.5 ml) was administered via a left cubital venous line followed by flushing with 10 ml of normal saline. The dynamics of enhancement of the lesion were observed in the vascular phase (arterial phase [0-40 seconds], portal venous phase [40-120 seconds], late phase [>120 seconds]), and in all patients, including those with no lesion visualized on gray-scale US, the whole liver was observed in the postvascular phase 10 minutes after injection, and the presence of defects was evaluated. Visualized defects were examined using defect reperfusion imaging, 11 in which Sonazoid (0.5 ml) was reinjected intravenously and the enhancement dynamics were observed to diagnose metastatic liver cancer. Video images in the vascular and postvascular phases were recorded and analyzed by an off-line procedure. Diagnostic criteria for liver metastases were early washout, usually in the portal venous phase, and hypoenhancement during the portal venous and late phases.
12 EOB-MRI was performed with a 1.5-T superconducting magnet (Signa Lx; GE Healthcare, Milwaukee, WI) and an 8-channel phased-array coil. Fast spoiled gradient-echo T1-weighted images (T1WI), respiratory-triggered fat-saturated fast spinecho T2-weighted images (T2WI), and singleshot spin-echo echo-planar diffusion-weighted images (DWI) were obtained before contrast administration. Dynamic fat-suppressed gradient-echo T1WI with a three-dimensional acquisition sequence (liver acquisition with volume acceleration) were obtained before (precontrast) and at 20 and 60 seconds and 2, 5, 10, and 20 minutes after administration of EOB. The contrast material (0.025 mmol/kg of body weight) was then administered intravenously via a cubital line, which was flushed with 20 ml of saline using a power injector. Images were acquired in the transverse plane. Images in the sagittal plane were also obtained for the hepatobiliary phase (HBP) 20 minutes after injection of the contrast agent. On EOB-MRI, a lesion was considered a metastasis if it had an intermediately intense signal on T2-weighted images, a hypointense signal on T1WI, high signal intensity on diffusion-weighted images, a faint peripheral ringlike enhancement on the arterial and portal phases, and a hypointense signal on the HBP. 13 The final diagnosis of liver metastasis was made by histopathological examination of surgically resected specimens or based on course observation (changes of size, such as tumor enlargement and shrinkage) using various imaging modalities. The presence (number of tumors) and qualitative diagnoses of the finally diagnosed metastatic lesions were prospectively compared between CEUS and EOB-MRI. All CEUS and EOB-MRI images were reviewed by a hepatologist with 30 years of experience and a radiologist with 15 years of experience. For qualitative diagnosis, tumors were evaluated using the following five-point confidence scale: 1 5 definitely not metastasis or absence; 2 5 probably not metastasis; 3 5 indeterminate; 4 5 probably metastasis; 5 5 definitely metastasis. Both imaging diagnoses were subjected to receiver operating characteristic (ROC) curve analysis, and the area under the ROC curve (AUC) was calculated. The ROC curves were analyzed using a two-tailed Student's t test for paired data. Based on a score of 4 or 5 on the confidence scale indicating liver metastasis, the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of the diagnosis were calculated and compared between CEUS and EOB-MRI, with p < 0.05 regarded as significant. Findings on CEUS and EOB-MRI were judged independently by sonographers and radiologists, respectively. The study was performed after approval by the Ethics Committee of Toho University Medical Center Omori Hospital.
RESULTS
There were 133 lesions found in the 69 patients, giving a mean number of 1.9 lesions per patient. The mean tumor diameter of all 133 lesions was 21 6 18 mm. Of these lesions, 109 were diagnosed as metastases and 24 as nonmetastasis, with 61 diagnosed histopathologically and 72 diagnosed based on follow-up of at least 6 months using various imaging modalities. The 24 lesions diagnosed as nonmetastasis were 11 hemangiomas, 9 cysts, 2 HCCs (Figure 1 ), 1 bile duct adenoma, and 1 focus of necrosis after treatment. Regarding the location, 2, 7, 11, 23, 14, 25, 20, and 31 lesions were present in the segments S1, S2, S3, S4, S5, S6, S7, and S8, respectively. The mean interval between performance of CEUS and EOB-MRI was 11 6 13 days (Table 1) . Of the 133 lesions, 107 (80.5%) were detected on gray-scale US, 120 (90.2%) on CEUS, and 131 (98.5%) on EOB-MRI, showing that the detection rate was higher on EOB-MRI. The mean diameters were 22 6 18 mm for 118 lesions detected by both CEUS and EOB-MRI, 6 mm for 2 lesions detected only by CEUS, and 6 6 3 mm for 13 lesions detected only by EOB-MRI. The mean diameter of lesions detected only by EOB-MRI was significantly smaller than that for those detected by both CEUS and EOB-MRI (p 5 0.016) ( Table 2) .
Of the 109 lesions diagnosed as liver metastases histopathologically or based on the followup, the AUCs for diagnosis were 0.906 for CEUS and 0.851 for EOB-MRI, with no significant difference (p 5 0.41) (Figure 2 ). Based on a rating of 4 or 5 on the confidence scale on CEUS and EOB-MRI, 109 lesions were diagnosed as metastatic disease with sensitivity, specificity, PPV, NPV, and accuracy of 90.8%, 84.5%, 97.1%, 67.1%, and 90.2%, respectively, for CEUS, and 95.4%, 70.8%, 93.7%, 77.3%, and 91%, respectively, for EOB-MRI. The specificity and PPV of CEUS were higher than those of EOB-MRI, but the overall diagnostic accuracy was equivalent for both methods (Table 3) .
DISCUSSION
Sonazoid is a contrast agent that consists of microbubbles of perfluorobutane gas stabilized by phospholipid monolayer shells with a median volume diameter of 2-3 lm. It is stable and resistant to sonographic exposure and radiates harmonic signals due to its low MI (0.2-0.3) at sufficient transmission power to allow continuous real-time imaging. Sonazoid is also taken up by Kupffer cells, 14, 15 which have reduced function in malignant liver tumors such as HCC and liver metastases. [16] [17] [18] Therefore, the presence of a hypoechoic area (defect) in the liver parenchyma in the postvascular phase 10 minutes after Sonazoid injection is useful for diagnosis of malignant liver tumors such as HCC and metastases. For a tumor that was not visualized on initial grayscale US but is observed as a defect in the postvascular phase, the dynamics of the contrast imaging of the lesion can be observed by reinjecting Sonazoid, enabling qualitative diagnosis.
11
On the other hand, EOB is a contrast medium for MRI, which combines Gd-DTPA with an ethoxybenzyl group. A dynamic study can be performed using EOB, similarly to that with gadolinium contrast medium. In addition, the uptake of EOB is achieved by functional hepatocytes, which have the cloned organic anion transporting polypeptides (OATP1B3). 19 Contrast enhancement of hepatocytes reaches a maximum about 20 minutes after administration, and hypovascular hepatocellular nodules and small malignant tumors that are undetectable in a dynamic study can be detected in this phase. The recent development of CEUS with Sonazoid and EOB-MRI has improved the detection of malignant liver tumors such as HCC and metastatic disease. [24] [25] [26] Hatanaka et al 7 have compared the diagnostic performance of CEUS with Sonazoid and contrast-enhanced CT in 113 patients with intrahepatic lesions that were likely to be malignant and found significantly higher sensitivity and diagnostic accuracy of CEUS. Because lesions are observed by low MI transmission power on CEUS with Sonazoid, as described above, hemodynamics can be repeatedly observed in real time. Evaluation in the vascular phase may be insufficient, but echo image dynamics can be re-evaluated using defect reperfusion imaging 11 by repeated intravenous injection of Sonazoid, which may explain the higher diagnostic sensitivity and accuracy. Hammerstingl et al 26 found that EOB-MRI was superior to contrast-enhanced CT for detection, diagnosis, and evaluation of treatment of liver tumors. Thus, both CEUS and EOB-MRI have been found to be superior to contrast-enhanced CT, 7, 26 but to our knowledge, there has been no prospective comparison of CEUS and EOB-MRI in patients with liver metastasis of colorectal cancer.
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There was no significant difference in AUC between CEUS and EOB-MRI, but the tumor detection rate and sensitivity were higher with EOB-MRI and the mean diameter of tumors detected by EOB-MRI alone was significantly smaller than that of tumors visualized by both CEUS and EOB-MRI. Huppertz et al 25 have compared the performance of EOB-MRI in the preoperative detection of lesions with the findings of intraoperative US and histopathological analysis in 131 patients with malignant liver tumors, including metastatic disease, and found that detection was improved by performing EOB-MRI before surgery, particularly for lesions of 10 mm or smaller. On CEUS, there are regions that are likely to become blind spots, such as the lateral segment of the left hepatic lobe near the stomach and segment S8 near the diaphragm. CEUS is also influenced by patient factors, such as obesity and inability to hold breath, as well as operator-dependent factors. In contrast, the whole liver can be objectively observed on EOB-MRI, which may account for the higher detection rate and sensitivity compared with CEUS. Muhi et al 10 have compared the diagnostic accuracy of contrastenhanced CT, CEUS with Sonazoid, super paramagnetic iron oxide-MRI, and EOB-MRI in the evaluation of colorectal liver metastases retrospectively. They evaluated 113 patients with 112 colorectal liver metastases and found EOB-MRI was more accurate than CEUS for the evaluation of colorectal liver metastases.
In our prospective study, the specificity and PPV of CEUS were higher than those of EOB-MRI. CEUS has a superior temporal resolution and also permits repeated intravenous Sonazoid injection when lesions not visualized by grayscale US are observed as defects in the postvascular phase. This allows reliable diagnosis by re-evaluation of the hemodynamics. Moreover, hemodynamics of the tumor cannot be evaluated in real time on EOB-MRI, unlike on CEUS. Thus, it may be difficult to make a definite diagnosis when the tumor is small. The higher specificity and PPV of CEUS may have been due to these factors. The NPV for diagnosis of liver metastasis by EOB-MRI was 77.3% in our study, which is lower than those in other reports. 27, 28 Of the 133 lesions analyzed, 24 were diagnosed as tumors other than liver Abbreviations: CEUS, contrast-enhanced ultrasonography; EOB-MRI, Gd-EOB-DTPA enhanced-MRI; NPV, negative predictive value; PPV, positive predictive value. FIGURE 2. Receiver operating characteristic analysis curves for the diagnosis of liver metastasis of colorectal cancer using contrastenhanced ultrasonography (CEUS) and Gd-EOB-DTPA enhanced-MRI (EOB-MRI).
metastasis, including 11 hepatic hemangiomas. The mean tumor diameter of these 11 lesions was 13 mm, which suggests that the low NPV was due to the difficulty of diagnosis of smalldiameter hemangiomas on EOB-MRI in contrast with the use of defect reperfusion imaging in the postvascular phase with CEUS.
As limitations, first, this study includes the small sample size. Second, the final diagnosis of metastatic disease was also made based on imaging follow-up.
CONCLUSION
This study showed that EOB-MRI is useful for the detection of liver metastases of colorectal cancer, whereas CEUS with Sonazoid is useful for specific diagnosis of tumors thanks to realtime hemodynamics evaluation and defect reperfusion imaging. A combination of these two methods may improve detection and diagnosis of liver metastatic lesions of colorectal cancer.
